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(57)Abstract: 

PROBLEM TO BE SOLVED: To obtain good tomographic animation 
images of the gullet, stomach, intestines, and the like, by obtaining 
an optical path variable optical system which is high in speed, is 
wide in a scan range, is less in the intensity change of fight and is 
stable in temperature characteristics. 

SOLUTION: This optical tomographic diagnostic apparatus is 
provided with the optical path variable optical system 24 on a 
reference light side or signal light side at the time of taking an 
interference signal by dividing the low coherence light from a light 
source to the signal light and the reference light, and irradiating an 
observation object with the signal light, then synthesizing the signal 
light and the reference light again to cause interference and 
observers the tomographic image of the observation object by 
changing the optical path length. In such a case, the optical path 
variable optical system 24 comprises a single mode optical fiber 25 
for introduction, a collimator lens 29, a condenser lens 31, a single 
mode optical fiber 26 for take-out and optical elements 271 and 
272 having the faces parallel to each other. The light is passed 
even number times these optical elements 271 and 272 and is 
rotated, by which the optical path length is changed. 
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[Claim(s)] 

[Claim 1] When signal light is made to compound with a reference beam again, an 
interference system is constituted and an interference signal is taken after coherence length 
divides into a signal light and reference beam side the low coherence light injected from the 
short light source and irradiates signal light at an observation body In the optical diagnostic 
equipment which enabled it to observe the fault structure of an observation body by 
establishing optical-path-length adjustable optical system, and changing the optical path 
length to a reference beam or signal light side said optical-path-length adjustable optical 
system The single mode optical fiber for installation for leading light to said 
optical-path-length adjustable optical system, The collimator lens for collimating the light 
from the single mode optical fiber for installation, abbreviation — with the condenser lens 
for condensing an parallel light, and the single mode optical fiber for ejection for taking out 
light The light which consists of optical elements which had an parallel field mutually, and 
passes said optical-path-length adjustable optical system the optical element which had an 
parallel field mutually [ the above ] at least ~ a **** time — by passing and rotating the 
aforementioned optical element which had an parallel field mutually Optical fault 
diagnostic equipment characterized by being the optical system to which the optical path 
length between said single mode optical fiber for installation and said single mode optical 
fiber for ejection is changed, 

[Claim 2] The single mode optical fiber said optical-path-length adjustable optical system 
made said single mode optical fiber for installation, and said single mode optical fiber for 
ejection use also [ single mode optical fiber ], The positive lens made said collimator lens 
and said lens for condensing use also [ positive lens ], By it being constituted in order of the 
aforementioned optical element which had an parallel field mutually, and the optical 
element which reflects light in the direction to which it came origin, and rotating the 
aforementioned optical element which had an parallel field mutually Optical fault 
diagnostic equipment according to claim 1 characterized by being the optical system to 
which it was made to change the optical path length until the light which came out of said 
single mode optical fiber returns to said single mode optical fiber again. 
[Claim 3] The single mode optical fiber for installation for said optical-path-length 
adjustable optical system to lead light to said optical-path-length adjustable optical system, 
A collimator lens, the optical-path-length adjustable optical element group of at least 1 
group, and a condenser lens, It is constituted in order of the single mode optical fiber for 
ejection for taking out light Said optical-path-length adjustable optical element group It 
consists of the 1st optical element which had an parallel field mutually, and the 2nd optical 
element whose spacing of the field which it has an parallel field mutually, and the 1st 
optical element and refractive index are the same, and is parallel is made of the equal 
member. By rotating mutually the field where the 1st optical element in said 
optical-path-length adjustable optical element group is parallel, and the field where the 2nd 
optical element is parallel at the same include angle as the direction of reverse Optical fault 
diagnostic equipment according to claim 1 characterized by being the optical system to 
which it was made to change the optical path length between said single mode optical fiber 
for installation, and said single mode optical fiber for ejection. 
[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] Especially this invention relates to the optical system for changing 
the optical path length in the optical fault diagnostic-equipment system using low coherent 
light about optical fault diagnostic equipment. 
[0002] 

[Description of the Prior Art] In recent years, the equipment with which the coherence 
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length called OCT (optical fault diagnostic equipment) observes the fault structure of the 
living body using a short low coherence light is developed. 

[0003] After dividing into signal light and a reference beam the light from the light source 
which generates low coherence light and irradiating signal light at the measuring object, the 
reflected light from the measuring object is again compounded in observation of the fault 
structure using low coherence light with a reference beam, and the approach of detecting 
the interference signal of both light is used for it. It enables only the place which 
corresponded at this time to acquire the same effectiveness as scanning the location which 
is observing the measuring object by changing the optical path length by the side of a 
reference beam or signal light, since an interference signal is acquired, and to observe the 
fault structure of the measuring object. 

[0004] Although drawing 19 applied conventional OCT to the endoscope, it is shown 
drawing showing the configuration of one example. It is combined with a single mode 
optical fiber 2, and the light from the low coherence light source 1 is drawn to the location 
of a coupler 3. Light is divided into a signal light and reference beam side by the coupler 3. 
The light by the side of the separated reference beam is drawn to the location of the 
optical-path-length adjustable optical system 4 by the single mode optical fiber 2. The light 
returned from the optical-path-length adjustable optical system 4 is again drawn to the 
location of a coupler 3 by the single mode optical fiber. On the other hand, it is led to the 
signal light side head optical system 5 by the single mode optical fiber 2 different from a 
reference beam side, a photographic subject O irradiates from there, it is further reflected 
from a photographic subject O, and the light divided into the signal light side is 
compounded with the light which has returned from the reference side by the coupler 3 
through the signal light side head optical system 5 and a single mode optical fiber 2 again. 
Even a detector 6 is led by the single mode optical fiber 2, and the return light by the side 
of the compounded reference and measurement detects an interference signal with a 
detector 6. 

[0005] Drawing 20 is drawing showing the configuration of one example of the 
optical-path-length adjustable optical system by the side of the conventional reference beam. 
Optical-path-length adjustable optical system serves as the single mode optical fiber 2 for 
leading light to optical-path-length adjustable optical system from a coupler 3, a collimator 
lens 7, and a mirror 8 from the mirror driving gear 9. The mirror 8 is mounted on the mirror 
driving gear 9, and the location of a mirror 8 changes with mirror driving gears 9 in the 
direction of an optical axis, consequently the edge of a single mode optical fiber 2 and the 
optical path length between mirrors 8 change. The approach using piezoelectric devices, 
such as PZT, as an approach of making a mirror 8 driving in the direction of an optical axis 
is common. 

[0006] As an example of the optical-path-length adjustable optical system by the side of the 
reference beam of the other former, it is KF.Kwong. There are etal and optical~path4ength 
adjustable optical system of Opt.Lett. 18,558-560 (1993). This optical-path-length 
adjustable optical system consists of a diffraction grating, a galvanomirror, and a Fourier 
transformer lens, it is changing the inclination of a galvanomirror to an optical axis, and it 
gives change of a phase for every wavelength, sees it by changing the group velocity of 
light within optical system as a result, and changes the older optical path length. Drawing 
21 combines these optical-path-length adjustable optical system, such as KF.Kwong, with a 
single mode optical fiber so that it may be easy to use for an endoscope. K.F. In optical 
system, such as Kwong, although it is desirable that it is parallel light as for the light which 
carries out incidence to a diffraction grating 10, generally the light injected from a single 
mode optical fiber 2 has breadth. So, in this optical system, a collimator lens 7 is formed 
between the single mode optical fiber 2 for applying parallel light to a diffraction grating 10, 
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and a diffraction grating 10, and light from a single mode optical fiber is made abbreviation 
parallel. A Fourier transformer lens is a sign 11 and the sign 12 has shown the 
galvanomirror. 
[0007] 

[Problem(s) to be Solved by the Invention] Conventionally, the needs which OCT tends to 
look at the fault image of a living body's stomach or intestines for OCT directly by the 
animation in recent years using an endoscope although things which have a comparatively 
late motion, such as a fault diagnosis of a retina and an extraction sample, were set as the 
object of observation, and are going to diagnose the degrees of ** of cancer etc. are 
increase, and optical path length adjustable optical system with the comparatively wide 
scanning range is desire dramatically at high speed. 

[0008] In the conventional example of the type which drives a mirror in the direction of an 
optical axis, although the comparatively large range can be scanned when scanning at a low 
speed, when scanning at high speed, the effect of the inertia of a mirror becomes large, and 
there is nonconformity that the large scanning range cannot be taken. 

[0009] Moreover, since the tilt angle of a galvanomirror can take the optical path length's 
large scanning width of face in the conventional example of the type using a galvanomirror 
even if it is small, high-speed scanning is possible. However, since the light which returns 
to a single mode optical fiber 2 would also become like a continuous line to a dotted line 
and an angle of incidence would change to a single mode optical fiber 2 like drawing 21 if 
the inclination of a galvanomirror 12 is changed from the condition of a continuous line 
like the condition of a dotted line when this type of optical-path-length adjustable optical 
system, a single mode optical fiber 2, and a collimator lens 7 are combined, there was 
nonconformity that the luminous intensity after passing a single mode optical fiber 2 will 
change. Moreover, a property tended to change [ a galvanomirror 12 ] with temperature, 
and, for this reason, there was a fault of being easy to shift if the scanning range leaves as 
for time amount 

[0010] This invention is made in view of the above-mentioned trouble of the conventional 
technique, the object is a high speed, its scanning range is wide, there is little change of 
luminous intensity, and it is acquiring optical-path-length adjustable optical system with the 
stable temperature characteristic, and obtaining the animation of the fault where an 
esophagus, the stomach, intestines, etc. are good. 
[0011] 

[Means for Solving the Problem] The optical fault diagnostic equipment of this invention 
which attains the above-mentioned object When signal light is made to compound with a 
reference beam again, an interference system is constituted and an interference signal is 
taken after coherence length divides into a signal light and reference beam side the low 
coherence light injected from the short light source and irradiates signal light at an 
observation body In the optical diagnostic equipment which enabled it to observe the fault 
structure of an observation body by establishing optical-path-length adjustable optical 
system, and changing the optical path length to a reference beam or signal light side said 
optical-path-length adjustable optical system The single mode optical fiber for installation 
for leading light to said optical-path-length adjustable optical system, The collimator lens 
for collimating the light from the single mode optical fiber for installation, abbreviation — 
with the condenser lens for condensing an parallel light, and the single mode optical fiber 
for ejection for taking out light The light which consists of optical elements which had an 
parallel field mutually, and passes said optical-path-length adjustable optical system the 
optical element which had an parallel field mutually [ the above ] at least — a **** time — 
by passing and rotating the aforementioned optical element which had an parallel field 
mutually It is characterized by being the optical system to which the optical path length 
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between said single mode optical fiber for installation and said single mode optical fiber for 
ejection is changed. 

[0012] In this case, the single mode optical fiber made the single mode optical fiber for 
installation, and the single mode optical fiber for ejection use optical-path-length adjustable 
optical system also [ single mode optical fiber ], By rotating the optical element which was 
constituted in order of the positive lens made the collimator lens and the lens for 
condensing use also [ positive lens ], the optical element which had an parallel field 
mutually, and the optical element which reflects light in the direction to which it came 
origin, and had an parallel field mutually It can consider as the optical system to which it 
was made to change the optical path length until the light which came out of the single 
mode optical fiber returns to a single mode optical fiber again. 

[0013] Moreover, the single mode optical fiber for installation for leading light to 
optical-path-length adjustable optical system for optical-path-length adjustable optical 
system, A collimator lens, the optical-path-length adjustable optical element group of at 
least 1 group, and a condenser lens, It is constituted in order of the single mode optical fiber 
for ejection for taking out light. An optical-path-length adjustable optical element group It 
consists of the 1st optical element which had an parallel field mutually, and the 2nd optical 
element whose spacing of the field which it has an parallel field mutually, and the 1st 
optical element and refractive index are the same, and is parallel is made of the equal 
member. By rotating mutually the field where the 1st optical element in an 
optical-path-length adjustable optical element group is parallel, and the field where the 2nd 
optical element is parallel at the same include angle as the direction of reverse It can 
consider as the optical system to which it was made to change the optical path length 
between the single mode optical fiber for installation, and the single mode optical fiber for 
ejection. 
[0014] 

[Embodiment of the Invention] First, as shown in : drawing 1 explaining the 
optical-path-length adjustable principle in this invention, parallel light is vertically injected 
from a flat surface A, and a refractive index n and thickness pass along the parallel plate 
glass 21 of d, and consider what the flat surface B parallel to a flat surface A attains. 
Parallel plate glass 21 rotates a straight line parallel to X shaft orientations as a shaft. 
However, the X-axis and a Y-axis are set as a direction vertical to the Z-axis and the Z-axis 
for the direction of the light injected from a flat surface A. 

[0015] The inclination to die Z-axis of the normal of parallel plate glass 21 will only be 
called inclination of the parallel plate 21. When the inclination of the parallel plate 21 is 0, 
when the parallel plate 21 inclines [ straight **** ] 5 without refracting light, a beam of light 
is refracted like drawing 2 like drawing 1 in respect of the plane of incidence of parallel 
plate glass 21, and injection. Although a gap produces the light after injecting from light 
and glass 21 before carrying out incidence to glass 21 in Y shaft orientations since the plane 
of incidence and the injection side of glass 21 are parallel mutually at this time, it is parallel 
mutually. 

[0016] On the basis of optical-path-length [ until the light injected from the flat surface A in 
case the inclination of parallel plate glass 21 is 0 reaches a flat surface B ] L (0), when the 
inclination of parallel plate glass 21 is theta, the optical path length L of the optical path 
which arrives at a flat surface B from a flat surface A (theta) has the following relation. 
[0017] 

L(theta) =L (0) +d {l-n-costheta+(n2-sin2 theta) 1 / 2} 
... (1) 

Therefore, optical-path-length difference deltaL at the time of being a time of the include 
angle of a parallel ray and the normal of parallel plate glass 21 being 0, and theta 
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deltaL=L(fheta)-L (0) 

= d {l-n-costiieta+(n2-sin2 theta) 1 / 2} ... (2) 
It becomes. 

[0018] Moreover, shift-amount deltaY of Y shaft orientations after the parallel plate glass 
passage to the beam of light before parallel plate glass 21 passage deltaY=d-sintheta 
{l-costheta/(n2-sin2 theta)l/2} 
... (3) 

It becomes. 

[0019] Thus, if the inclination of parallel plate glass 21 is changed to a beam of light, the 
optical path length can be changed, but when only one sheet is used, a beam of light shifts 
parallel plate glass 21 to Y shaft orientations (it will be called the direction shift of Y.). 
However, the direction shift of Y of a beam of light is cancellable if a refractive index and 
thickness make an equal parallel plate pass light even times mutually. 
[0020] Drawing 3 shows the configuration of this approach concretely. The parallel light 
which parallel light was injected in the vertical direction from Field A, and was injected is 
the 1st parallel plate glass 211 and the 2nd parallel plate glass 212. It passes and arrives at a 
flat surface B. The 1st parallel plate glass 211 The 2nd parallel plate glass 212 It is made 
the thing of the same thickness with the same refractive index, and is the 1st parallel plate 
glass 211. The 2nd parallel plate glass 212 It inclines or rotates to the reverse sense that it is 
in phase and mutually. Namely, the 1st parallel plate glass 211 When it theta Inclines to 
incident light, it is the 2nd parallel plate glass 212. -theta Make it incline. Thus, when it sets, 
light is the 1st parallel plate glass 211. Although deltaY shift of is done at Y shaft 
orientations after passage The 2nd parallel plate glass 212 Since the -deltaY shift of is 
shortly done by passing at Y shaft orientations The 1st parallel plate glass 211 A beam of 
light and the 2nd parallel plate glass 212 before carrying out incidence For the beam of 
light after passing, a gap of the height of Y shaft orientations is parallel plate glass 211 and 
212. It is not based on an inclination but is always set to 0. 

[0021] They are a time of thickness d, the parallel plate glass 211 of a refractive index n, 
and the inclination of 212 being 0 since light will pass along parallel plate glass twice at 
this time, and theta (at this time), the 1st parallel plate glass 211 an inclination ~ theta and 
the 2nd parallel plate glass 212 The inclination is -theta. Optical-path-length difference 
deltaL at the time deltaL=2d{l-n-costheta+(n2-sin2 theta)l/2} 
... (4) 

It becomes. 

[0022] Here, although light passes along parallel plate glass only twice, if such optical 
system is connected with a serial and it is made for light to pass a parallel plate even times, 
it is not necessary to generate the direction shift of Y of a beam of light. 
[0023] Moreover, since installation of the light to optical-path-length adjustable optical 
system and the ejection of the light from optical-path-length adjustable optical system are 
convenient if you use a single mode optical fiber, and it is hard coming to win popularity 
the effect of turbulence etc. of air, in an endoscope, a single mode optical fiber is used for 
the installation to the optical-path-length adjustable optical system of light, and ejection 
from optical-path-length adjustable optical system. 

[0024] When using a single mode optical fiber for installation of optical-path-length 
adjustable optical system, and optical-path-length adjustable optical-system ejection, in 
order to combine with the single mode optical fiber for ejection the light which was parallel 
using a collimator lens with the forward power which makes parallel light from the single 
mode optical fiber for installation, a condenser lens with forward power is used. 
[0025] Since this invention can change the optical path length, without changing whenever 
[ location / of the light which carries out incidence to the single mode optical fiber for 
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ejection /, and incident angle ], it can constitute the optical-path-length adjustable optical 
system stabilized extremely from taking such a configuration based on the above principles. 
Moreover, by making in agreement the axes of inertia and the revolving shaft of parallel 
plate glass, and making it rotate, it becomes possible to rotate a high speed of a revolution 
of parallel plate glass, and it can observe now the fault structure inside a living body by the 
animation. 
[0026] 

[Example] Hereafter, : [example 1] drawing 4 explaining the examples 1-8 of the optical 
fault diagnostic equipment of this invention and drawing 5 are drawings having shown the 
1st example of the optical fault diagnostic equipment of this invention, and 
optical-path-length adjustable optical system. Drawing 4 shows the system of optical fault 
diagnostic equipment, and drawing 5 shows the part of the optical-path-length adjustable 
optical system in optical fault diagnostic equipment. The system of the optical fault 
diagnostic equipment of this example is based on the Michelson interference system. 
[0027] The light which came out of the low coherence light source 1 in this example is the 
1st single mode optical fiber 21. It passes, passes along the optical circulator 22, and is the 
2nd single mode optical fiber 22 further. It passes and is led to a coupler 3. Light is divided 
into a signal light and reference beam side by the coupler 3. 

[0028] The light by the side of signal light is the 3rd single mode optical fiber 23. The light 
which the measuring object O irradiated through the signal light side head optical system 5, 
and has returned from the measuring object O is the signal light side head optical system 5 
and the 3rd single mode optical fiber 23 again. It passes and returns to a coupler 3. 
[0029] On the other hand, the light by the side of the reference beam divided by the coupler 
3 is the 4th single mode optical fiber 24. It is led to the optical-path-length adjustable 
optical system 24, And the light to which the optical path length was changed by the 
optical-path-length adjustable optical system 24 is the 4th single mode optical fiber 24 by 
the side of the again same reference beam. It passes and returns to a coupler 3. 
[0030] The light which has returned from the signal light side, and the light which has 
returned from the reference beam side are compounded by the coupler 3. The interference 
signal compounded by the coupler 3 is the 1st detector 61. The 5th near single mode optical 
fiber 25 The 2nd single mode optical fiber 22 by the side of the optical circulator 22 It is 
divided. 

[0031] The 1st detector 61 The 5th near single mode optical fiber 25 The interference light 
which went is the 5th single mode optical fiber 25. It passes and is the 1st detector 61. 
Detection of optical reinforcement is performed. On the other hand, it is the 2nd single 
mode optical fiber 22 by the side of the optical circulator 22. The light which went to the 
direction is the 2nd detector 62 at the optical circulator 22. The 6th near single mode optical 
fiber 26 It is led selectively and is the 2nd detector 62. Detection of optical reinforcement is 
performed. 

[0032] the 1st detector 61 The 2nd detector 62 difference ~ it is a detector, only the 
component of an interference signal is outputted, and the other component is removed. 
[0033] single mode optical fiber (the 4th single mode optical fiber) 24 the single mode 
optical fiber for installation and the single mode optical fiber for ejection were also [ single 
mode optical fiber ] used as the optical-path-length adjustable optical system 24 was shown 
in drawing 5 The positive lens 25 with which the collimator lens and the condenser lens 
were made to serve a double purpose, and the parallel plate glass 21 which is the optical 
element which has an parallel field mutually, It is constituted in order of the flat-surface 
mirror 26 which is the optical element which reflects light in the direction to which it came 
origin, single mode optical fiber 24 Injected light is made abbreviation parallel with a 
positive lens 25. from — It passes along parallel plate glass 21, and it is reflected by the 
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flat-surface mirror 26, passes along parallel plate glass 21 again, passes along a positive 
lens 25 further, and is a single mode optical fiber 24. So that it may return Single mode 
optical fiber 24 The optical axis of the flat-surface mirror 26 doubles with the positive lens 
25* moreover, a shaft [ direction / where parallel plate glass 21 is vertical to an optical axis ] 
— carrying out — rotating -- coming — **** -- this — single mode optical fiber 24 from — 
the light which came out » again ~ the single mode optical fiber 24 The optical path length 
until it returns is changed. 

[0034] Since light has passed parallel plate glass 21 even times with the configuration of 
this example, it is a single mode optical fiber 24. The returning light does not change a 
location by revolution of parallel plate glass 21 . 

[0035] Difference deltaL of the optical path length at the time of being the optical path 
length in case an include angle [ as opposed to an optical axis in the normal of the parallel 
field of parallel plate glass 21 ] is 0, and theta deltaL=2d{ l-n-costheta+(n2-sin2 theta)l/2} 
... (5) 

It becomes. However, n and d are the refractive index of parallel plate glass 21, and the 
thickness of a plane parallel plate 21, respectively. 

[0036] When the configuration of this example is made to rotate **** and parallel plate 
glass 21 a period T, it is optical-path-length difference deltaL in time of day t (t). deltaL(t) 
=2d [l-n-|cos(2pi t/T+phi) j +{n2-sin2} (2pi t/T+phi)l / 2] ... (6) 

It becomes. Here, phi is the inclination of the parallel plate glass 21 at the time of t= 0. The 
dotted line of drawing 6 is drawing having shown time amount change of the optical path 
length at the time of rotating the parallel plate glass 21 of a refractive index 1.5 and 
thickness 10 a period T. Since the time amount which KERARE and light do not pass [ a 
beam of light ] since the magnitude of parallel plate glass 21 is limited actually, if the 
include angle of parallel plate glass 21 becomes large exists, an optical-path-length 
difference carries out behavior like a continuous line. 

[0037] [Example 2] Drawing 7 is drawing having shown the optical-path-length adjustable 
optical system of an example 2. An example 2 is what changed only the part of the 
optical-path-length adjustable optical system 24 of an example 1, and the part of it which 
others do not illustrate is the same as that of an example 1 including the part of an 
interferometer, 

[0038] In this example, what was parallel plate glass 21 of the optical-path-length 
adjustable optical system 24 of an example 1 is replaced with the glass block 27 whose 
cross-section configuration is a square. Moreover, the dotted line A of drawing 8 is the 
configuration of this example, and shows time amount progress of an optical-path-length 
difference when the glass block 27 of a refractive index L5 and thickness (die length of one 
side of the square of a cross section) 10 is rotating the period T. 

[0039] If a cross-section configuration uses the square glass block 27 like this example, a 
beam of light can shorten time amount KERARE **** and others becomes that does not 
have less. That is, in the example 1, if the tilt angle of parallel plate glass 21 becomes near 
90 degree, the time amount in which light stops passing along light by the side face of 
parallel plate glass 21 in Kel exists for a long time. On the other hand, even if a glass block 
27 rotates from the condition that light passes along Field a and Field c of a glass block 27 
at first and it stops passing along Field a and Field c by this example as shown in drawing 7 
(a) Since light comes to pass along between Field b and Fields d as shown in drawing 7 (b), 
the top-most vertices of a glass block 27 change into the condition that light always passes 
along the flux of light except for KETTE striped ******. Moreover, in the example 1, 
while parallel plate glass 21 rotates one time, scanning has the merit which can increase the 
count of four round trips and scanning to only two round trips having been completed at 
this example every. In addition, although the cross-section configuration of a glass block 27 
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was a square, this example can shorten the optical path length's scanning period, even if it 
does not gather the rotational speed of a glass block, if polygon configurations, such as a 
forward hexagon and a forward octagon, are taken for a cross-section configuration. 
[0040] [Example 3] An example 3 is what replaced only the part of the optical-path-length 
adjustable optical system of an example 2 with, and the part of it which others do not 
illustrate is the same as that of an example 2 including the part of an interferometer. 
[0041] Drawing 9 is drawing having shown the optical-path-length adjustable optical 
system of an example 3, and is a single mode optical fiber 24. If the Z-axis is set as an 
optical axis, drawing where drawing 3 (a) looked at the optical-path-length adjustable 
optical system of this example from Y shaft orientations, and drawing 3 (b) are drawing 
seen from X shaft orientations. 

[0042] single mode optical fiber (the 4th single mode optical fiber) 24, as for the 
optical-path-length adjustable optical system of this example, the single mode optical fiber 
for installation and the single mode optical fiber for ejection were used also [ single mode 
optical fiber ] The positive lens 25 with which the collimator lens and the condenser lens 
were made to serve a double purpose, and the glass block 27 from which the cross-section 
configuration which is the optical element which had an parallel field mutually has a square, 
It consists of Dach mirror 28 which is the optical-path deflection component which shifts 
the location of the light which has carried out incidence and an opposite direction is made 
to inject, and a flat-surface mirror 26 which is the optical element which reflects light in the 
direction to which it came origin. 

[0043] The light in which two reflectors carried out incidence to this Dach mirror 28 by the 
configuration of Dach mirror 28 being a right angle mutually is shifted in the direction of X, 
and the sense is changed and injected in an opposite direction. 

[0044] The behavior of the light in this example is as follows, single mode optical fiber 24 
from — the glass block 27 after injected light was made abbreviation parallel with the 
positive lens 25 — a passage — after that — Dach mirror 28 - Z direction — a travelling 
direction - changing — having -- a thing - simultaneously — X — shaft orientations - a 
shift is also received. The light which came out of Dach mirror 28 passes along the again 
same glass block 27 as a front, and reaches the flat-surface mirror 26. It is reflected in an 
opposite direction, the path to which it came origin is gone to hard flow, and the light which 
reached the flat-surface mirror 26 is a single mode optical fiber 24 eventually. Light returns. 
The path to which it came origin passes along a glass block 27, Dach mirror 28, a glass 
block 27, and a positive lens 25, and is a single mode optical fiber 24. It is the thing of the 
returning path, 

[0045] The optical path length changes, when a glass block 27 rotates a straight line parallel 
to the X-axis as a shaft. At this example, since the glass block 27 with an parallel field is 
passed even times, light is a single mode optical fiber 24. The returning light can be made 
for a location not to move even if a glass block 27 rotates, moreover — an example 2 — light 
— single mode optical fiber 24 from — since light will pass along a glass block 27 by this 
example 4 times to passing along the glass block 27 with the operation which changes the 
optical path length twice while returning, after being injected, when the glass block 27 of 
the same magnitude is used with the same refractive index as an example 2, an 
optical-path-length difference becomes twice the example 2. 

[0046] The continuous line B of drawing 8 is the configuration of this example, and shows 
time amount progress of an optical-path-length difference when the glass block 27 of a 
refractive index 1.5 and thickness (die length of one side of the square of a cross section) 10 
is rotating the period T It turns out that the optical-path-length difference is twice the 
example 2. 

[0047] Like this example, an optical-path deflection component like Dach mirror 28 can be 
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used, and width of face of scanning of the optical path length can be enlarged by letting 
multiple-times light pass to an optical element with an parallel field. 

[0048] In this example, although Dach mirror 28 was used as an optical-path deflection 
component, as long as prism etc. shifts the location of the light which carried out incidence 
and can change and inject the sense to an opposite direction, other things are sufficient as 
an optical-path deflection component. 

[0049] [Example 4] Drawing 10 and drawing 11 show the 4th example of the optical fault 
diagnostic equipment of this invention, and optical-path-length adjustable optical system. 
Drawing 1.0 shows the system of optical fault diagnostic equipment, and drawing 11 shows 
the part of the optical-path-length adjustable optical system in optical fault diagnostic 
equipment. The system of the optical fault diagnostic equipment of this example is based on 
the interference system of a MAHHATSUENDA mold. 

[0050] The light which came out of the low coherence light source 1 in this example is the 
1st single mode optical fiber 21 , It passes and is the 1st coupler 3 L It is led. The 1st coupler 
3 1 Light is divided into a signal light and reference beam side. 

[0051] The light by the side of signal light is the 2nd single mode optical fiber 22. After 
passing and passing along the optical circulator 22, the measuring object O irradiates 
through the 3rd single mode optical fiber 23 and the signal light side head optical system 5 
further. The light which has returned from the measuring object O is the signal light side 
head optical system 5 and the 3rd single mode optical fiber 23 again. It passes and even the 
optical circulator 22 returns. The light by the side of the signal light from which even the 
optical circulator 22 has returned is the 2nd coupler 32. The 4th connected single mode 
optical fiber 24 It is selectively led to the direction. 

[0052] On the other hand, it is the 1st coupler 31. The light by the side of the divided 
reference beam is the 5th single mode optical fiber 25 for the installation to the 
optical-path-length adjustable optical system 24. It is led to the optical-path-length 
adjustable optical system 24. and the 6th single mode optical fiber 26 for the ejection after 
the optical path length was changed to the light included in the optical-path-length 
adjustable optical system 24 it incorporates - having -- the 2nd coupler 32 up to - it is led. 
[0053] the light drawn from the signal light side, and the light drawn from the reference 
beam side — the 2nd coupler 32 it compounds ~ having — an interference signal — the 2nd 
coupler 32 from — it is outputted. The 2nd coupler 32 The compounded interference signal 
is the 1st detector 61. The 2nd detector 62 It is the 7th and 8th single mode optical fiber 27 
and 28, respectively. It is led. the 1st detector 61 The 2nd detector 62 **** — detection of 
luminous intensity is performed, respectively, the 1st detector 61 The 2nd detector 62 
difference ~ it is a detector, only the component of an interference signal is outputted, and 
the other component is removed. 

[0054] The optical-path-length adjustable optical system 24 is the single mode optical fiber 
25 for installation for leading light to optical system, as shown in drawing 11 . The 
collimator lens 29 for collimating the light from the single mode optical fiber 25 for 
installation, the optical-path-length adjustable optical element group 30, the condenser lens 
31 for condensing parallel light, and single mode optical fiber 26 for ejection for taking out 
light It consists of order. 

[0055] moreover, this optical system — single mode optical fiber 25 for installation from « 
the injected light — a collimator lens 29, the optical-path-length adjustable optical element 
group 30, and a condenser lens 31 — a passage — guru mode fiber 26 for ejection incidence 
is carried out — as — the single mode optical fiber 25 for installation, a collimator lens 29, a 
condenser lens 31, and single mode optical fiber 26 for ejection It is constituted so that an 
optical axis may be in agreement. Moreover, the optical-path-length adjustable optical 
element group 30 is the glass block 271 a refractive index and whose configuration are the 
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two [ completely same ], and 272. It is constituted. A glass block 271 and 272 The 
cross-section configuration in which 2 sets of parallel fields exist mutually is using the 
square thing. 

[0056] Two glass blocks 271 of the optical-path-length adjustable optical element group 30, 
and 272 The parallel field is the device mutually rotated at the same include angle as the 
direction of reverse, and it is the single mode optical fiber 26 for ejection by this. It is the 
single mode optical fiber 25 for installation, without the condensing location of light 
shifting in a location. Single mode optical fiber 25 for ejection He is trying to change the 
optical path length of a between. 

[0057] At this example, it is a glass block 271 and 272. Difference deltaL of the optical path 
length at the time of being the optical path length in case the include angle to the optical 
axis of the normal of an parallel field is 0 mutually, and theta 
deltaJLr=2d{ l-n-costheta+(n2-sin2 theta)l/2> 
(However, -45 degrees < theta< 45 degrees) ... (7) 

It becomes. However, n and d are a glass block 271 and 272, respectively. A refractive 
index, a glass block 271, and 272 It is the thickness of a square cross section* The dotted 
line A of drawing 12 is the glass block 271 of a refractive index 1.8 and the thickness 10 of 
a square cross section, and 272. Time amount change of the optical path length at the time 
of making it rotate a period T is shown. 

[0058] [Example 5] Drawing 13 is what replaced only the part of the optical-path-length 
adjustable optical system of an example 4 with, and the part which others do not illustrate is 
the same as that of an example 4 including the part of an interferometer. A single mode 
optical fiber 25 and 26 If the Z-axis is set as an optical axis, drawing which looked at 
drawing 13 (a) from Y shaft orientations, and drawing 13 R> 3 (b) are drawing which 
looked at optical-path-length adjustable optical system from X shaft orientations. 
[0059] single mode optical fiber 25 for installation by which the optical-path-length 
adjustable optical system of this example leads the light from the 1st coupler 31 ( drawing 
10 ) to the optical-path-length adjustable optical system 24 the 1st GRIN lens 
(refractive-index distribution lens) 321 as a collimator lens The glass block 27 from which 
the cross-section configuration which is the optical element which had an parallel field 
mutually has a square, The optical-path polarizing prism 33 which is the optical-path 
deflection component which shifts the location of the light which has carried out incidence 
and an opposite direction is made to inject, and the 2nd GRIN lens 322 as a condenser lens 
Single mode optical fiber 26 for ejection for taking out light It is constituted. A glass block 
27 rotates a straight line parallel to the X-axis as a shaft. 

[0060] The light which the cross-section configuration of XZ flat surface of the optical-path 
polarizing prism 33 has a right-angle 2 equilateral triangle, and carried out incidence to this 
prism is shifted in the direction of X, and the sense is changed and injected in an opposite 
direction. 

[0061] The behavior of the light in this example is as follows, single mode optical fiber 25 
for installation from — the injected light — the 1st GRIN lens 321 abbreviation — parallel — 
carrying out — having had — after — a glass block — 27 ~ a passage — the — crepuscular 
rays — a way — a polarizing prism — 33 - a Z direction — a travelling direction — changing 
— having — a thing — simultaneously — X — shaft orientations — a shift — winning 
popularity . 

[0062] The light which came out of the optical-path polarizing prism 33 is the 2nd GRIN 
lens 322 after passing along the again same glass block 27 as a front. It is condensed and is 
the single mode optical fiber 26 for ejection. It is incorporated. 

[0063] The optical path length changes, when a glass block 27 rotates a straight line parallel 
to the X-axis as a shaft. At this example, since the glass block 27 with an parallel field is 
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passed even times, light is the single mode optical fiber 26 for ejection. It is able to make it, 
even if a glass block 27 rotates for the condensing location of light not to move in a 
location. 

[0064] At this example, a glass block 27 uses only one piece, but is two glass blocks 271 
and 272 like an example 4. In order not to make it rotate doubling a phase with an opposite 
direction, there is a merit that control of a rolling mechanism becomes easy. 
[0065] Although the glass block 27 with the operation to which light changes the optical 
path length is passed twice in this example, the count to which light passes a glass block 27 
is the same as an example 4. Therefore, about the glass block 27 used by this example, 
when the glass block of the same magnitude is used with the same refractive index as an 
example 4, an optical-path-length difference becomes the same as an example 4. 
[0066] The collimator lens and condenser lens which are used by this example are the 
GRIN lens 321 and 322. Not but, although the usual positive lens is sufficient, since the 
thing of a minor diameter is produced [ SELFOC / (trade name) / of for example, the 
product made from Japanese Sheet glass ] comparatively, a GRIN lens can use optical 
system as a compact more, if this is used. Moreover, although the cross-section 
configuration used the prism 33 which carried out the right-angle 2 equilateral triangle as 
an optical-path deflection component, a Dach mirror etc. is good [ an optical-path 
deflection component ] anything, if the location of the light which carried out incidence is 
shifted and the sense is changed and injected in an opposite direction. 
[0067] [Example 6] Drawing 14 is what replaced only the part of the optical-path-length 
adjustable optical system of an example 5 with, and the part which others do not illustrate is 
the same as that of an example 5 including the part of an interferometer. A single mode 
optical fiber 25 and 26 If the 2-axis is set as an optical axis, drawing which looked at 
drawing 14 (a) from Y shaft orientations, and drawing 14 R> 4 (b) are drawing which 
looked at optical-path-length adjustable optical system from X shaft orientations. 
[0068] single mode optical fiber 25 for installation by which the optical-path-length 
adjustable optical system of this example leads the light from the 1st coupler 31 ( drawing 
10 ) to the optical-path-length adjustable optical system 24 The 1st GRIN lens 321 as a 
collimator lens The glass block 27 from which the cross-section configuration which is the 
optical element which had an parallel field mutually has a square, the 1st which is three 
optical-path deflection components which shift the location of the light which has carried 
out incidence, and an opposite direction is made to inject - the 3rd optical-path polarizing 
prism 331, 332, and 333 The 2nd GRIN lens 322 as a condenser lens Single mode optical 
fiber 26 for ejection for taking out light It is constituted. A glass block 27 rotates a straight 
line parallel to the X-axis as a shaft. 

[0069] The 1st - the 3rd optical-path polarizing prism 331, 332, and 333 The light which 
each cross-section configuration of XZ flat surface has a right-angle 2 equilateral triangle, 
and carried out incidence to these prism is shifted in the direction of X, and the sense is 
changed and injected in an opposite direction. 

[0070] The behavior of the light in this example is as follows, single mode optical fiber 25 
for installation from ~ the injected light ~ the 1st GRIN lens 321 the glass block 27 after 
being made abbreviation parallel ~ a passage ~ after that ~ the 1st optical-path polarizing 
prism 331 A travelling direction's being changeable into - Z direction, simultaneously X 
shaft orientations are shifted. The 1st optical-path polarizing prism 331 The light which 
came out is the 2nd optical-path polarizing prism 332 after passing along the again same 
glass block 27 as a front. It is shifted to X shaft orientations at that a travelling direction is 
changeable into a Z direction, and coincidence. The 2nd optical-path polarizing prism 332 
The light which came out is the 3rd optical-path polarizing prism 333 after passing along 
the again same glass block 27 as a front. The shift of X shaft orientations is passed along 
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the again same glass block 27 as a front after a carrier beam in that a travelling direction is 
changeable into - Z direction again, and coincidence. And it is the 2nd GRIN lens 322 
eventually. It is condensed and is the single mode optical fiber 26 for ejection. It is 
incorporated. 

[0071] The optical path length changes, when a glass block 27 rotates a straight line parallel 
to the X-axis as a shaft. 

[0072] Moreover, at this example, light is the single mode optical fiber 26 for ejection, even 
if a glass block 27 rotates, since the glass block 27 with an parallel field is passed even 
times. The condensing location of the upper light can be made not to move. 
[0073] Moreover, in an example 4 or 5, since light will pass along a glass block 27 by this 
example 4 times to passing along the glass block 27 with the operation which changes the 
optical path length twice while returning, after light is injected from a single mode optical 
fiber, when the glass block of the same magnitude is used with an example 4 or the same 
refractive index as 5, an optical-path-length difference becomes an example 4 or twice the 
value of 5. 

[0074] Thus, the optical-path deflection optical system 331, 332, and 333 It uses, and the 
scanning range of the optical path length can be enlarged without enlarging magnitude of a 
glass block 27 by letting multiple-times light pass to a glass block 27. 

[0075] The continuous line B of drawing 12 is the configuration of this example, and shows 
time amount progress of an optical-path-length difference when the glass block 27 of a 
refractive index 1.8 and thickness (die length of one side of the square of a cross section) 10 
is rotating the period T. It turns out that the optical-path-length difference is an example 4 
or twice the value of 5. 

[0076] The prism 331 with which the cross-section configuration carried out the right-angle 
2 equilateral triangle as an optical-path deflection component in this example, 332, and 333 
Although it was used, the Dach mirror of an optical-path deflection component etc. is good 
anything, if the location of the light which carried out incidence is shifted and the sense is 
changed and injected in an opposite direction. 

[0077] [Example 7] Drawing 15 is what replaced only the part of the optical-path-length 
adjustable optical system of an example 6 with, and the part which others do not illustrate is 
the same as that of an example 6 including the part of an interferometer. A single mode 
optical fiber 25 and 26 If the Z-axis is set as an optical axis, drawing which looked at 
drawing 15 (a) from Y shaft orientations, and drawing 15 R> 5 (b) are drawing which 
looked at optical-path-length adjustable optical system from X shaft orientations. 
[0078] single mode optical fiber 25 for installation by which the optical-path-length 
adjustable optical system of this example leads the light from the 1st coupler 31 ( drawing 
10 ) to the optical-path-length adjustable optical system 24 the 1st GRIN lens 321 as a 
collimator lens The 2nd GRIN lens 322 as a condenser lens single mode optical fiber 26 for 
ejection for taking out light Two glass blocks 271 and 272 from ~ it consists of a becoming 
optical-path-length adjustable optical element group 30 and an optical-path deflection 
component 35 which shift the location of the light which has carried out incidence and an 
opposite direction is made to inject, 

[0079] The optical-path-length adjustable optical element group 30 is the 1st glass block 
271 which is the 1st optical element. The 2nd glass block 272 which is the 2nd optical 
element It is constituted. The 1st glass block 271 The 2nd glass block 272 Both the 
cross-section configurations of XZ flat surface are carrying out the square, and a 
configuration is the same as a refractive index, 

[0080] Two glass blocks 271 of the optical-path-length adjustable optical element group 30, 
and 272 The parallel field is the device mutually rotated at the same include angle as the 
direction of reverse. 
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[0081] The configuration of the optical-path deflection component 35 is the 3rd GRIN lens 
323 as a condenser lens for optical-path deflection components for condensing to the single 
mode optical fiber 34 for an optical-path deflection, and its single mode optical fiber 34 for 
an optical-path deflection. The 4th GRIN lens 324 as a collimator lens for optical-path 
deflection components for making abbreviation parallel injection light from the single 
mode optical fiber 34 for an optical-path deflection It is constituted. Moreover, since the 
incidence side edge side and injection side edge side of the single mode optical fiber 34 for 
an optical-path deflection are arranged in the same direction by juxtaposition in the 
direction of X, the optical-path deflection component 35 shifts the light which carried out 
incidence to the single mode optical fiber 34 for optical-path deflection components in the 
direction of X, and has the operation which the sense changes and injects to an opposite 
direction, 

[0082] The behavior of the light in this example is as follows, single mode optical fiber 25 
for installation from ~ the injected light — the 1st GRIN lens 321 abbreviation ~ parallel — 
carrying out — having had ~ after — the optical path length — adjustable — the elements — 
30 — a passage — the — crepuscular rays — a way — a deflection — a component — 35 - a Z 
direction a travelling direction — changing ~ having — a thing — simultaneously — X ~ 
shaft orientations — shifting — having . The light which came out of the optical-path 
deflection component 35 is the 2nd GRIN lens 322 after passing along the again same 
optical-path-length adjustable elements 30 as a front. It is condensed and is the single mode 
optical fiber 26 for ejection. It is incorporated. 

[0083] Change of the optical path length is two glass blocks 271 of the optical-path-length 
adjustable optical element group 30, and 272. Although carried out by rotating at the same 
include angle as the direction of reverse mutually single mode optical fiber 25 for 
installation from, when the injected light reaches the incidence end face of the optical-path 
deflection single mode optical fiber 34 And single mode optical fiber 26 for ejection When 
reaching an end face, it is a glass block 271 and 272. Since it passes even times, it is a glass 
block 271 and 272. Even if it rotates, the condensing location of light changes. 
[0084] Since the count to which light passes a glass block is 4 times, time amount progress 
of the optical-path-length difference when rotating the period of a revolution of the glass 
block of a refractive index 1.8 and thickness (die length of one side of the square of a cross 
section) 10 by T with the configuration of this example becomes the same as an example 6. 
[0085] This example is also the same glass block 271 and 272 like an example 6. Width of 
face of scanning of the optical path length can be enlarged by letting multiple-times light 
pass. Moreover, GRIN lens 321-324 Miniaturization of optical system is attained by using. 
[0086] Moreover, the 3rd GRIN lens 323 which is a condenser lens of the optical-path 
deflection component 35 in this example And although the 4th GRIN lens 324 which is a 
collimator lens for optical-path deflection components is in the same side to the 
optical-path-length adjustable elements 30 the 3rd GRIN lens 323 which are the incidence 
side of the single mode optical fiber 34 for an optical-path deflection of the optical-path 
deflection component 35, and a condenser lens of the optical-path deflection component 35 
as shown in drawing 16 The 4th GRIN lens 324 as the injection side of the single mode 
optical fiber 34 for an optical-path deflection, and a collimator lens for optical-path 
deflection components Even if it makes it arrange to an opposite hand on both sides of the 
optical-path-length adjustable elements 30, the same operation as the case of drawing 15 is 
acquired. 

[0087] [Example 8] Drawing 17 is what replaced only the part of the optical-path-length 
adjustable optical system of an example 6 with, and the part which others do not illustrate is 
the same as that of an example 6 including the part of an interferometer. A single mode 
optical fiber 25 and 26 If the Z-axis is set as an optical axis, drawing which looked at 
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drawing 17 (a) from Y shaft orientations, and drawing 17 R> 7 (b) axe drawing which 
looked at optical-path-length adjustable optical system from X shaft orientations. 
[0088] single mode optical fiber 25 for installation by which the optical-path-length 
adjustable optical system of this example leads the light from the 1st coupler 31 ( drawing 
10 ) to the optical-path-length adjustable optical system 24 the 1st GRIN lens 321 as a 
collimator lens The 2nd GRIN lens 322 as a condenser lens single mode optical fiber 26 for 
ejection for taking out light two glass blocks 271 and 272 from - the 1st and 2nd 
optical-path deflection component 351 which shifts the location of the light which has 
carried out incidence to the becoming optical-path-length adjustable optical element group 
30, and an opposite direction is made to inject, and 352 It is constituted. 
[0089] The optical-path-length adjustable optical element group 30 is the 1st glass block 
271 which is the 1st optical element. The 2nd glass block 272 which is the 2nd optical 
element It is constituted. The 1st glass block 271 The 2nd glass block 272 Both the 
cross-section configurations of XZ flat surface are carrying out the forward hexagon, and a 
configuration is the same as a refractive index. 

[0090] Two glass blocks 271 of the optical-path-length adjustable optical element group 30, 
and 272 The parallel field is the device mutually rotated at the same include angle as the 
direction of reverse* 

[0091] the 1st optical-path deflection component 351a configuration — single mode optical 
fiber 341 for the 1st optical-path deflection The 3rd GRIN lens 323 as a condenser lens for 
optical-path deflection components for condensing The single mode optical fiber 341 for 
the 1st optical-path deflection from - the 4th GRIN lens 324 as a collimator lens for 
optical-path deflection components for making injection light abbreviation parallel It is 
constituted. Moreover, single mode optical fiber 341 for the 1st optical-path deflection 
Since juxtaposition arranges the incidence side edge side and the injection side edge side in 
the same direction in the direction of X, it is the 1st optical-path deflection component 351. 
Single mode optical fiber 341 for optical-path deflection components The light which 
carried out incidence is shifted in the direction of X, and there is an operation which the 
sense changes and injects to an opposite direction. 

[0092] moreover, the 2nd optical-path deflection component 352 a configuration — single 
mode optical fiber 342 for the 2nd optical-path deflection The 5th GRIN lens 325 as a 
condenser lens for optical-path deflection components for condensing The single mode 
optical fiber 342 for the 2nd optical-path deflection from — the 6th GRIN lens 326 as a 
collimator lens for optical-path deflection components for making injection light 
abbreviation parallel It is constituted. Moreover, single mode optical fiber 342 for the 2nd 
optical-path deflection Since juxtaposition arranges the incidence side edge side and the 
injection side edge side in the same direction in the direction of X, it is the 2nd optical-path 
deflection component 352. Single mode optical fiber 342 for optical-path deflection 
components The light which carried out incidence is shifted in the direction of X, and there 
is an operation which the sense changes and injects to an opposite direction. 
[0093] The behavior of the light in this example is as follows, single mode optical fiber 25 
for installation from ~ the injected light - the 1st GRIN lens 321 the optical-path-length 
[ after being made abbreviation parallel ] adjustable elements 30 — a passage — after that » 
the 1st optical-path deflection component 351 A travelling direction's being changeable into 
- Z direction, simultaneously X shaft orientations are shifted. The 1st optical-path 
deflection component 351 After the light which came out passes along the again same 
optical-path-length adjustable elements 30 as a front, it is shifted to X shaft orientations at 
that a travelling direction is changeable into a Z direction with the 2nd optical-path 
deflection component 352, and coincidence. And after passing along the again same 
optical-path-length adjustable optical element group 30 as a front, it is condensed with the 
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2nd GRIN lens 322, and it is the single mode optical fiber 26 for ejection. It is incorporated. 
[0094] Time amount progress of the optical-path-length difference at the time of making 
drawing 18 rotate the period of a revolution of the glass block of a refractive index 1.8 and 
thickness (mutually spacing of an parallel field) 10 by T with the configuration of this 
example is shown. 

[0095] Change of the optical path length is two glass blocks 271 of the optical-path-length 
adjustable optical element group 30, and 272* Although carried out by rotating at the same 
include angle as the direction of reverse mutually single mode optical fiber 25 for 
installation from ~ the injected light — the optical-path deflection single mode optical fiber 
341 and 342 When reaching an end face (both plane of incidence and a injection side) And 
single mode optical fiber 26 for ejection When reaching an end face, it is a glass block 271 
and 272. Since it passes even times, it is a glass block 271 and 272. Even if it rotates, the 
condensing location of light changes. 

[0096] This example is a glass block 271 and 272. Since the cross-section configuration is 
carrying out the forward hexagon, it is a glass block 271 and 272. While rotating one time, 
scanning is 6 round-trip ********. 

[0097] Thus, a glass block 271 and 272 It is a glass block 271 and 272 by increasing the 
number of the top-most vertices of a forward hexagon, a forward octagon, and a polygon 
configuration for a cross-section configuration from a forward square. The scanning 
high-speed [ but ] with the same rotational frequency is attained. However, if the number of 
the top-most vertices of a polygon configuration is increased, since scanning width of face 
will become small, it is the optical-path deflection component 351 and 352. The count 
which uses a large number and passes along the optical-path-length adjustable optical 
element group 30 is increased, and scanning width of face is enlarged. 

[0098] In addition, although all the optical elements with at least 1 set of parallel fields 
were constituted from the above examples 1-8 by glass, it cannot be overemphasized that 
what is necessary is just the thing which light, such as plastics for optics, is penetrated 
[ thing ] and makes them refracted, for example that optical-path-length adjustable optical 
system may be prepared not only in a reference beam side but in a signal light side. 
[0099] The optical fault diagnostic equipment of the above this invention is : which can be 
constituted as follows, for example [1], The low coherence light by which coherence length 
was injected from the short light source is divided into a signal light and reference beam 
side. When signal light is made to compound with a reference beam again, an interference 
system is constituted and an interference signal is taken after irradiating signal light at an 
observation body In the optical diagnostic equipment which enabled it to observe the fault 
structure of an observation body by establishing optical-path-length adjustable optical 
system, and changing the optical path length to a reference beam or signal light side said 
optical-path-length adjustable optical system The single mode optical fiber for installation 
for leading light to said optical-path-length adjustable optical system, The collimator lens 
for collimating the light from the single mode optical fiber for installation, abbreviation — 
with the condenser lens for condensing an parallel light, and the single mode optical fiber 
for ejection for taking out light The light which consists of optical elements which had an 
parallel field mutually, and passes said optical-path-length adjustable optical system the 
optical element which had an parallel field mutually [ the above ] at least - a **** time - 
by passing and rotating the aforementioned optical element which had an parallel field 
mutually Optical fault diagnostic equipment characterized by being the optical system to 
which the optical path length between said single mode optical fiber for installation and 
said single mode optical fiber for ejection is changed. 

[0100] [2] The single mode optical fiber said optical-path-length adjustable optical system 
made said single mode optical fiber for installation, and said single mode optical fiber for 



15 



2000-342589 



ejection use also [ single mode optical fiber ], The positive lens made said collimator lens 
and said lens for condensing use also [ positive lens ], By it being constituted in order of the 
aforementioned optical element which had an parallel field mutually, and the optical 
element which reflects light in the direction to which it came origin, and rotating the 
aforementioned optical element which had an parallel field mutually Optical fault 
diagnostic equipment of one above-mentioned publication characterized by being the 
optical system to which it was made to change the optical path length until the light which 
came out of said single mode optical fiber returns to said single mode optical fiber again. 
[0101] [3] The single mode optical fiber said optical-path-length adjustable optical system 
made said single mode optical fiber for installation, and said single mode optical fiber for 
ejection use also [ single mode optical fiber ], The positive lens made said collimator lens 
and said lens for condensing use also [ positive lens ], The aforementioned optical element 
which had an parallel field mutually, and the optical element which reflects light in the 
direction to which it came origin, By consisting of an optical-path deflection component 
which makes an parallel direction or an parallel opposite direction shift and inject the 
location of at least one light which has carried out incidence, and rotating the 
aforementioned optical element which had an parallel field mutually Optical fault 
diagnostic equipment of one above-mentioned publication characterized by being the 
optical system to which it was made to change the optical path length until the light which 
came out of said single mode optical fiber returns to said single mode optical fiber again. 
[0102] [4] The single mode optical fiber for installation for said optical-path-length 
adjustable optical system to lead light to said optical-path-length adjustable optical system, 
A collimator lens, the optical-path-length adjustable optical element group of at least 1 
group, and a condenser lens, It is constituted in order of the single mode optical fiber for 
ejection for taking out light. Said optical-path-length adjustable optical element group It 
consists of the 1st optical element which had an parallel field mutually, and the 2nd optical 
element whose spacing of the field which it has an parallel field mutually, and the 1st 
optical element and refractive index are the same, and is parallel is made of the equal 
member. By rotating mutually the field where the 1st optical element in said 
optical-path-length adjustable optical element group is parallel, and the field where the 2nd 
optical element is parallel at the same include angle as the direction of reverse Optical fault 
diagnostic equipment of one above-mentioned publication characterized by being the 
optical system to which it was made to change the optical path length between said single 
mode optical fiber for installation, and said single mode optical fiber for ejection. 
[0103] [5] The single mode optical fiber for installation for said optical-path-length 
adjustable optical system to lead light to said optical-path-length adjustable optical system, 
A collimator lens, a condenser lens, and the single mode optical fiber for ejection for taking 
out light out of said optical-path-length adjustable optical system, By consisting of an 
optical element which had an parallel field mutually, and an optical-path deflection 
component which makes an parallel direction or an parallel opposite direction shift and 
inject the location of at least one light which has carried out incidence, and rotating the 
aforementioned optical element which had an parallel field mutually Optical fault 
diagnostic equipment of one above-mentioned publication characterized by being the 
optical system to which it was made to change the optical path length between said single 
mode optical fiber for installation, and said single mode optical fiber for ejection. 
[0104] [6] The single mode optical fiber for installation for said optical-path-length 
adjustable optical system to lead light to said optical-path-length adjustable optical system, 
A collimator lens, a condenser lens, and the single mode optical fiber for ejection for taking 
out light out of said optical-path-length adjustable optical system, It consists of an optical 
element group of at least 1 group, and an optical-path deflection component which makes 
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an parallel direction or an parallel opposite direction shift and inject the location of at least 
one light which has carried out incidence. Further said optical element group It consists of 
the 1st optical element which had an parallel field mutually, and the 2nd optical element 
whose spacing of the field which it has an parallel field mutually, and the 1st optical 
element and refractive index are the same, and is parallel is made of the equal member. By 
rotating mutually the field where the 1st optical element in said optical element group is 
parallel, and the field where the 2nd optical element is parallel at the same include angle as 
the direction of reverse Optical fault diagnostic equipment of one above-mentioned 
publication characterized by being the optical system to which it was made to change the 
optical path length between said single mode optical fiber for installation, and said single 
mode optical fiber for ejection. 

[0105] [7] Said optical-path deflection component is optical fault diagnostic equipment the 
above 3 and 5 characterized by being the Dach mirror which had a right-angled field 
mutually, or given in six. 

[0106] [8] Said optical-path deflection component is optical fault diagnostic equipment the 

above 3 and 5 characterized by being a rectangular prism, or given in six. 

[0107] [9] Said optical-path deflection component is the optical fault diagnostic equipment 

of six above-mentioned publication characterized by to consist of a condenser lens for 

optical-path deflection components for condensing to the single mode optical fiber for an 

optical-path deflection, and said single mode optical fiber for an optical-path deflection, 

and a collimator lens for optical-path deflection components for making abbreviation 

parallel injection light from said single mode optical fiber for an optical-path deflection, 

and for the incidence side edge side and the injection side edge side of said single mode 

optical fiber for an optical-path deflection to be constituted by juxtaposition. 

[0108] [10] The aforementioned optical element which had an parallel field mutually is the 

optical fault diagnostic equipment of nine given in any 1 term from the above 1 

characterized by being the thing of a polygon configuration. 

[0109] 

[Effect of the Invention] By using the optical-path-length adjustable optical system by the 
above this invention, the optical fault diagnostic equipment of this invention is a high speed, 
its scanning range can be wide, and there can be little change of luminous intensity, can 
acquire optical-path-length adjustable optical system with the stable temperature 
characteristic, and can observe tomograms, such as an esophagus, and the stomach, 
intestines, by the good animation. 
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[0 049] tmmAi mi o. mi i«. -mm<o 

mLytfe©"CS»S. 0 1 0 tt3K»fB^»raS©^^xA 

[0050] zemmvtic*n>>~c. teat-w/*^ 
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[005 1] ^#ffiU©3fc«v 12^^**- 
T-f-^-2, *!gr*^-i*JU-9-"4 1 aU-f-2 2 
^I-^m S6KSS3^>^l-*-F3fe7r-/^-2 

•f^JtiifrVr—*?* U-*-2 2 X-fK- 3 T< So 
f^-f U- 2 2 *t?ESo-C*fcm-^3fcfl9 

^2*^^7-3, ^ft-iX^ZmAislsff 
;Mt-F:*:7t-^-2 4 ©^jg^WKaJ^ftS. 
[0052]-*, 111*9^-3! -C#&t6ftfc# 
JSBfeflK©:*.*, #»gTiJ£#** 2 4 ^(D&Amom 5 

J£2 4&~a&frtl&. •tbt, 3e!Sfi^3e^fi2 4K 

Ao ?t3ew*is«3»s^fcs « mow ojh©s& 

^2*5-^-3, *-Ci§#>ft£. 
[0053] #^)6ffl|*>%^hfc3Ei#«83eflB3&»6^ 

*>nfc*W9r2*v^5"3, -c^issft. =F*d#* s 

^2*^^5-3, *^HJ*StlS. »2*»:/**-8 

zfjrzz-Bt K**vehfg7, ms^>if>^e- 

&Hl**fT:foft£. JUl^-f^* ^-6! i5|27 s ^7 1 3' 

5£#©*#stttfj3ft, *ft«#©t£jJW8fc3i&ftS. 

AL~2d {1 -n 
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* [0 0 5 4] *SSS^7e^2 4Si, 01 liC9jk?£ 

2 , #» 6©364 =i V - H f -5fci£)©=i V * - 3? - l"> 
X2 9i, 3t^SpJ^^^af3 0i, ¥ff#££3e 
TSfc&©SI*U>X3 1 <!:, X*m')tii?ft&>am t ) 

|flt/li'>» ; e-F3E7r^'-2, ©narfluasft 
[0055] C©3e*^«, 

X2 9. *a&SpJ^*^3l^ffif3 0. J6#V>X3 1 £ 
M»». B(9HSU^^l' J 6-F7T-f/<-2. KAStTS 
•fcSfc. fAMi'>^"l ! *5r-f;i-2 ! . ay 

j*-d«U>X2 9. m^>^3 i. moai/Sv>>/ 
F3fc? r -f^-2. ©:83*;$*-3fr £ <fc 5 tc**j£ 
3ftr<r>S. £fc, *!SS?II6*^^«3 0[i, H#r 

»o^*«*<PiG2o«D*f.**:/a»«»2 7, . 2 

7, "CflteSSnw*. ^^n??2 7, . 2 7, 
K. S(,»tc3FfT)a:iBdJ2ffl?¥aTS»fBiB«ijSSiE3!r»© 

20 fc©*fy§i/-c<»»£. 

[0056] m6^IE56^?-ISf3 0©2o©#W 
?'ia-? ; J'2 7 a . 2 7 2 tt. Wftffi^S^SCS^©^ 

•cm»)fflL.fflv>^i'*"F367T^/<-2. ©&«•? 
^©sye&a*! ?* nfK, mxm^> * **- F3fr? r 

[ 0 0 5 7 ] 33!ffeWt?tt. ^^^27, . 2 

7 , ©sc»«c wf acffl<o^s©5e#«: str 0 © 
*3o it^ffigisoifccSfclSgrogALfct, 

6) 1/1 } 

• • • <7) 



cosfl+ (n l -sin 1 
45" <0<45* ) 



fcfcb. n. dtt-5tl"en*f5^7'a»5'2 7 
t , 27, ©JgJf^ *f7X^t3»^27, . 2 7, © 
IE#a58ffl©JSi*-C**. El 2©j£JgAfct. JB9r* 
1. '8. E#^»fE©JSi* 1 0O#7^B?i'2 
7, > 27, £J^TT@i^-&ft^©3fc8&B©l$ra 
^fc£5ivkfc€>©-C**. 

[0 05 8] CHI6PI5] H13». |?Jfel«4©5l3Sfi 
pJ£^S©g^©#£ftitfc&©-C. -£©{&©ia^L 40 
&v^&Ti*it©^*^>T:^ifcW4 .L^irca 
S. ^^Ol^-P*:? W"f-2, . 2. ©3fc*fc£Z 
Ite^Si, 013 U> »Y«*l6ia>6JifclS, 01 
3(b) BX«*l«l3&>6*!gMnI^e^4mfc0Kft 

[0059] *^SfiM©*KS^*^W. 1 * v 
^-3t (010) *>6©***ffiST0g&ie*^2 4 

pf-*U>XtL/T©3llGR I N1/>X (JfflJr^* 
U>X) 3 2, i. I^KWaMS^fciefSffT SO 



A»L-r*&*©&»**ir6b"CS^*!^«cl*{fl3 

* s*siBi"j*^ 5*HHBiei y v xi 3 3 1 . 

lx>XiOT©IS2GR I NU>X3 2, *4Bt«5 
ffi^-fcabeomo ffl F*^ r -^^-2, 

i-C«RSS*lt:<,>5. ^X^I3 9^2 7i*Xm<!:5Fff 

[0060] *SSiil^^y^rA3 3©XZ^H©9rffl3# 

[008 1] #gg»WT?©36©tg£m>tt&©»*)-ea 
■5. a9SAM^>^*-F3te7T^-2 5 *>&ltf«3 
kifc3£*m 1 GR I N U>X3 2 t BSW fcStifcf*. 
*7^n^2 74iD, *©fl368H@l^^yXA3 
3 -c - Z iffESJKiiff 6 ft S ©i n «pk x#t? 

[0062] jeBSlSl^T'y XA3 3*fflfc*5a. H^Saf 
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&mV># J ?Z'7Uy927*M->1>M. S&2GRINU 
[0063] ^ggMt*. #5*:/0 ??27 ASXWli^F 

a * * 2 7 jb^0Xfc3£©*^B^*»fc<r> <fc 5 (c 

[0 064] #3j8SW>rctt, #-7X:/n?5>2 7«Hg 
UH£ra^i:*J6-3\ ^0H©J:3fc2->©:tf5x:/ 

a»f27, . 2 7, *mffifaK.ma&'£it>&T:m*k 

1 0 0 6 5 ] ^ISftWCfcfc, **S3SaffiS«^b3-&*ff 

7?;^ti^2 7 ^mAr^mmmmm 4 tig c-c* 

7 %mm4 £|*JWB9rSrcpje AST 3©#v* v 

5. 

[ 0 0 e 6 ] ^sitfeerettflii/T^s 3 y * - * u>x 

SC)tiU6U>XtiGR INU>X3 2, „ 3 2, rfctfc 
tfB^MfW* (*fc> t*DSELFOC 0&a£) ^Etfc 

jB$j/j\g©fc©*iffig3*vc»,»5©-e. c*i#f£flj-*~*i 

[0067] CI9S016] E14«. Sef&W5©3fc8S£ 

S/>iOU*-F*:7W.n-2, . 2, «tf£«*Z 
Kli-r-Si, 014 (a) »Yf*#ft*>fcJI;fcig, HI 

[0 06 8]3|!3lf6t«©3^S^ie^«v £&1#* 
^5-3, (01 0) 35>8®3fe«5fcK^3e^JK2 4 

^-£U>XiL/C©£n GR I NU>X3 2, S 

{ft»*-re.u *>-3. K^i»ifc:*fiH3#*3iB©3fe8& 

i^l^-C*5»l~^336K«^yXA3 3 a . 3 
3, . 3 3, t. *3fcl^X<fct,T©Sfl2GRI NU> 

X3 2, %*wmitto<DW)mhm*s>>f)te 



(8) #^82 0 0 0-3 42 58 9 
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7?27 KX«£¥ff itiets «fc 5 St 

[ooeai^i-ms^JSMifij^yxASSt . 33 

, . 33 s ©XZ¥H©tTBjT£tK». ft*ifciM|z:^a 

H^^tcstorfeo, cnew^yXAKAWbfc^a 
[0070] 3t^^fe^^lr•©3e<DM■s^l^*»^<D^l^3T , * 

10 5. *Affl^> yA-*- F3fc:? r -f 2 , *>i&*fffl3 
nfc^flGR INW>X3 2, P§¥fT«Ci**ifc^ 

^^7-o «>'i'2 7*ait), -e^^ijfcKie^y^ 

A3 3, "C-Z^fCiitf^lSj^^^^WtPl^fc 

xii^nsj©->7 k stis. ^i*»flsifii7'yxA3 3, 

^i.6ti*©ip|l^{CX«^JK:i'7 \r$tlZ>. 

■?Uv>7 2 1*mr>1cm„ ^3*K«|^I^yXA3 3 3 
20 -CSCF-Z*l6lK:m?T^I*SA6tl-S©tBI^KX*l 

2 7*S5. *|/C. «KWK:»2GRINU>X3 2 

-2. KJftO&gft*. 

[0 07 1]*KSKv 5!/5^7 r Oi'i'2 7*SXtti¥ 
ff&eSl4*l£ tT@K^5C iKA^ftf *«fc5 

[0072] ^IffeWCtt, Jfett^ff &E48f^ 

30 X^Bj. *2 7*s@KL'Cfca(9a]Lffl'»^Jl'*-F 

•r s <i t j&suig i & -5 n> 

[0073] ifcfc. **6W4Xtt5t?W» 3fc36*f>^ 

3fcgSM*^tS-a-S^ffl***S^7^ v *f 2 7 * 2 

2 7*4@fflSCitC3ft5©r. iSt60«4 Xtt 5 £|igc 

H. *ffigMt*|l*SW4XH:5©M©2€«c«:$. 
40 [0074] C©«t 5^3618^1^^*3 3, . 3 
3, , 3 3, %M^"C. ^5^^0^^2 7KaSR@3e 
*afrci(Cj:- 3 -C^7^7'osi'2 7©A#3*^C# 
<t&^-C, *BSS©^*-r->^l5ffl*^:*<^SC 

[0075] HI 2©^BM k 2^»09©«^-C. JB 
Dt*1. 8. mS (BfM©iE^©12©S3) 10© 

50 [0076] ;£3S«ettv t UT»fBBJ15 
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wfim.n^Ms^.%w^i>^ uxA3 3, . 33, . 

3 3, 4fl»J8l/ft:#, 3€IMWBlfFB«*Ht^a9- 

[0077] cn«W7j 01 mmmso^m^ 

w06^S©8^©*ftft*.fc *>©T?, «©ffiW>07pO 

S»^**-F**T-f/*-2. > 2, ©3fe«£Z 
«tt5i, 015 (a) »Yffc?|6l*»&Bfc0. Ml 
5 (b) (4X#3?lfil*e.3feSSSnI§E3e^*mfcS«Cft 10 

1 0 0 7 8 ] *mim<D%mkm&£&%kiz> mitt? 
•??-3i (Bio) if>hvm*jm s wm&&&&* * 

jt-3fU>X<tL.-CC0»lGR I NW>X32, * 
V~C<DsB2 GR I N H>X3 2, i. 

, <fc, 2o©*f?;*:/ti»i'2 7, , 27, 

6l,-CR*Wtia«:«tB3 j e^H«ilS|^3 5<!:t?«fiS 20 

[0079] *KfiBj^36^^fflf3 Ott. »1 ©363* 
*^-r*Slfifl^X^ r a^^2 7 1 «t. »2©jfcf** 

^-e*s^2^x^cn'*'2 7, -estiva *vci,>s. 

ffl0*:X7tt»#2 7. £S&2#^*:7ia5,*2 7, 

ttxz¥H©»ra»«e* i «KjE^*i/t:j8D > mftm 
[0080] 3effignisee^^S3 o©a-30^^ 

^'t3!fi?2 7 1 , 2 7, «, ^ff*ffl*sm»R:S*f©^F 
[008 1] 3fel®Bi^iR^ 3 5 ©fltffcW* *SSffllSlffl^ 
if**- Bfc? r -f /t-8 4KSI**«fcat)©5eilS<BlflJ 

m*mmi>^zk i>x<onz gr i nu>x3 2 

#lx>X£LT©Sg4GR I Nl'>X3 2< <ht?#&*i* 

-3 4©A*HIB«iSi«ffiff^m«l5IC[Sl#KX5^«: 
^JtCjfe^eil^*©^ *K(Bf&)^3 5«. 3tB 40 
^^■ffl©^^^*- F3fc? T-f ^-3 4iCA*JU 

[0082] *^|fe«f ©3e©J6*»t»W'X©a») 
3. ^AfflS'^^-K^T 2 S *»&S*fHS 
tlfcje»^lGRINL'>X3 2 1 -CBmftCStlfc 

3e86^SC^^-«f3 0Sa»). ^O^^Blfil^ 
3 5 1?- Z^HCjitT*|«il4^e.nS©-!:P^FKXtt 
#|6l©i/7 hSftS. £M4*?3 5*fflfc#». # 
tm&|5|D3fellSS^ESR^3 0*a-5&^ Sg2GR 50 
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F*7r-f^-2. tciK*)&$fts. 

[0083] 36S&S©^t«. 3eB&EUS^^*^3 
0O2o©>t/7^ctf?2 7, . 2 7, J&*EH(CK*f 

-»y;U*-F^ 7 >fA-2 s *&«tH3ftfc3te#* 
ggflUfiji^W^- F*7yf'<-3 4©Af#aS«:ii 

■rsi#. jRoffluffli'^^-F^T-f^ 

-2, ©Sgffltcit-f *'^^^n»*'2 
7, . 2 7, %fmMM^X< S©-c\ livttVvZ 

2 7, . 2 7, ismk^x^^mtmktmt^t^ 

[0 0 84]^UftW!©»fi!fC> BSr^l. 8, 
<»rflD©iE#JB© 1 ia©S3 ) 1 0 ©#5 * :/n * ? =& 
0K©JSW*T-C03g 3 1f fct # ©3tS8SM©l©ragiS 

[0 085]*SfeSSm, mmmBOZSiClSlKiS'rZ 

•fviv9 2.it . 27, scafiRB^a^-cifcfc^tr 
#B}g©x*t->^©il£*# < -r*£:i*«-c#r^ 

«. GRINUVX3 2, ~3 2, *m^£tt 

[00861 1ft:, #*t&f5*t?«, jefSfifaSi* 3 5 © 
<£36l/>XT?*S»3GR INU>X3 2 J Rtf3fcffi® 
InSR^JBa U^-i'P>X'C*S®4GR I NU>X3 
2,tt. 3£BS«iIISSS-?-S¥3 OK^LHDffllKi&S^ 
m 1 6 tc^-T J: 5 K. 7e!S«fi)IR^ 3 5 ©*^Sl^Iffl^ 
> ^Jl/* - F3I&7 r -f /t- 3 4 © AMfflia^^^SlSl^ 
^3 5©ai3tl'>X-C**»3 GR I NU>X3 2 
, *IS(Bl^ffl^>^l' J &*- F367 t -f 3 4 ©I* 
fflflBS^Kfil^SR^-ffla y - 5r u >Xt i/t:©»4 
GR I NV>X3 2, *ffiSBJ3SR^3 0*» 

[0087] C**W8) 01 7«. g6»M6©^* 

^^^©SP^©**^*;^©^. *©f6©0^^ 

i/>m-F*7T^-2. . 2 5 ©4«*z 
tot-Tit. 017 (a) »Y«*^SmA:0. 01 

7(b) i&xmffifrzffl&m&&mzmmicft 

[0088] *ISS6{flI©*3SSlfI^e^lfi«. m 1 * f 
^5 - 3 , (010) *6©#£;m«*I^)&£ai2 4 
KSI<^Afla->'>^l'*-F3l£7r^^-2 s a 'J 
jf-dtl^Xib-CCSSlGR I NU>X3 2, ft 
#l/>X<hl/T:©S|?2GR INU>X3 2, <t, 
i) ffi-Tfcab©!!? •) EH 9)\r*i- r4*-2 
, 4. 2-P©#5^^"cif ^2 7, , 27, *>e>ft53fc 
JSfi^3fe^R^-SP3 0i v AS*0-ttfc3fc©&H4"** 



Cio) 

37 

3 5, . 3 5, £-Cflfj£3*vrt,>S. 

[0 08 9] imBfflex&at : ms oi±. mi<z>%& 

mitf?Z-?tlv9 27i tm2tt ; yZ.7nvi?27 2 
[0090] %3&B&m%&& : m3 0© 2 o©*f?X 

^ , ci^ : j»2 7 1 . 2 7, t*. w?cm*ss:^«cK*f©^ 
[0091] mumm^m^s 5, ©#&«. sri# 

fc«>©36ISffl»lS^a0El'>XtLt:©^3GR I N 

7 r -f 3 4 a 36»6©l*fH3e*»S¥ff te-T«fci&©* 
8&tSfnJ^?f83 t/C©^4GR I N U 

>X3 2 4 t-c^snr^s. m^mmm 

°s>#)V*:- F3fe7 7 -f /«- 3 4, <D>JNMUB £*tIH 

fi^H^^tnaitfKx^ifiuc^BcM^en-ci/i-s© 
s&isfcSSfflfflS^ss, i33Sas«iseR^©^>^ 20 

JU*- F*7r -f 3 4, (cAS*Ufc36*X*!S|K^ 

[0 0 9 2] Sftu S&23fe8fiifa3!$*3 5, ©#lt5«. 
IP23effiiaSira'»i'^-F3'&7r'f^-3 4 1 tcm 
3fe1-SfcJ&©3feSS«l^^ra«eu>Xi br©05 G 

RiNt'>iC3 2 s ■e©^23fciKlii«i)m'»y* ; e 

- F#7 r -f> <- 3 4 , ^©SJfti^fcKWfc-r* A: 

a©isas«isi3f^3 u vxwme gr 

-SOT. St2#iS«fa5R*3 5, W^flft^S!©^ 
> yjlrt- F3fe7 t X- 3 4 , KA*f l/ft*£ X^lfeJ 

[0093] *Stfe«»J-e©3l£©fiSI5««»B^©»5^* 
4. «Affl5'>^Jl'*-F*7T-f/t-2, a>€»&Hi3 
flfcSBB* 1 GR I N U>X3 2, V&mftC Ztiltte. 
3£!&ll>>J§eJS^fS3 0£iI»3. *©&013feKHBfc3t¥ 40 
3 5, ^-Z#ftfc«fT:#fl*^*&*i&©£RNF«cx 
UJmoss? b 3ft£. IS 1 5, fflfc3fc 

©i^KXtt^^v^ hsna. -ecr, near* 
pj e m&m&em+m 3 0 e^fct. 02 gr i 

[ 0 0 9 4 ] SI 1 8 K. *HJBWI©«^rc. A&r* 1 . 

8, mz (m^icmfimomm) 100^^0? so 
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[0095] jEMMlKftB. iOXM&KH* 3 

0©2r?©i5/vX7'n7i/2 7 a , 2 7, fcSS^fcSft 
©:£ fitcR C JUtCBKT £ C t -ctftoti S **. 

ffSffllPj^^^V*- K*7y^n-3 4, , 34, ©$SS 

b (A*rasi»iaffi©pif*> «:*-»-« £*. a?. m*» 

ittCtt. . 2 7, fcttSHilo 

r<-S©-C. rf5X^a?927, . 27, ifiM^LX 
*>*©*^fiat^fc Jt-9 K&oWS. 
[ 0 0 9 6 ] *^t6W», #«^ti9*a7, . 2 7 
, ©BrS^WD^ft^L't^S©-^ «f*X^P»* 
27, . 27, #lH^SKfc**+~>y*S6&ffi 

[0097] C©<fc9«:. #7^9^2 7, , 27 
, ©IKHBt£*iEEMJfcfr6IEAftB» jEAft0£#y 
dr>^©m£©t!t£^^c tf-^x^ti * 

*2 7, v 2 7, <DH1Btt#HC-Cfc. SSfc:**-*- 

>^3^pjsgK«ca. fcaiu #i;=j>^K©m^©SE=& 

K«|&l^3 5, ,3 5, 4^fR«fflb-C*SSS^Be 
^^«3 0=&M*leI^li^l,-C^* + ->y®%^: 

[0098] at. £±©sertMai*>i&8-ctos:, d>a< 

A34vtb>fc*s. MilHSBWBO^X^yjr*. 36* 
jlSa, fflJf3#*fe©-C**iK<fc<. 3fcKSWI3E 

^©ars'j^-cfeat*. 

[0 0 9 9 ] m:©=*^©*WlB»Bffl»tt««3S*t 
©J:^K*fiSrSCi*Jt?0^ : 
C 1 ] 3 1 - U>^S*sS(r»3E«C*e»StffiStift:iS3 

^WISKJdWL'fc^, WCX#^3t*#J®3et^lS3«t: 

*c i«c«t i)«^g!ft©»f)l«)t*«^r**«i; 9R L 
fc*#»rSB«:te«,»r, tNreXIHt'mG^Ktt. Mfi 

F*7y-f/<-4. *©3IAM-»^*"F3t7T^ 
^-*i6©36*3 ij - F-TSfti»©3 y -5rU>X 
iS¥ff&3t**3fc^Sfc»©»3fet'>Xi. 3!6*BS( 
•3ffl-rfc»©BX»3Jiil'M^>^- ! e- F*7r-f^- 
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~e>HCD3EHJt«Xft; 3 S J: 5 SC«c o -C «,> S3e^K"C 
[0100] C2) MEXHWVBBI&astJ:. fff^« 

Ante F*?? ^-ifnaiRo mLm^> 

F*? t -f .rf-SaUBStffcS^ if)l^-~ F36 

SBJES-ttSCi-C. MB3/> FX? r-fl- 

i*#»tt^SJilB 1 IB*©#lifrgg|»rSSS. 
[0 10 11(3) SS2*Kgi^3ft^lKK. bSSSS 

{fit,*- F#7W;<-£IM33tffci'>iOl' ; e-FX 

X^HmS^fciEl^X^ ^©S^KWTttfflfcNF 
ofc«^t^<t. **3C*?fc*IiJ^K3*f 3X9*? 20 
i . 4>fc < t €> 1 -3© A3* VXft 1t3t<D®&*mf 

©3fcK&S4 Kf t 3 1* * J: 5 K 1/ fc^^-C $ * C t 

[oio2] c 4 ] mzimgtvmm^mx. xzm 

3677^-4. 3 U>X£, i!>i&< tbim 30 

a*^ofc»i®*^*?-i, n>Kwm-3t 
if ©fflara^u^W-c-cfrr t,«s*2 ©3<5#*?4 

33RT©¥1?ftffi4# 2 «>X£*? ©W ttM«Sl*tC 
■WiSO-iOUe- F3fc? r-f^-iwffBBWtliUBi' 40 

5 k bfcaagir * s c 4. t-r S-bta 1 taito* 

wmmmm. 

[0103] cb3 psexasm&^it. kzm 

^*ma*8Sg-?3^3£^^Hsffi D tHTfctf>©IK 9 ffl U 
jg£s:> jOlt*- F#7 r £lr>IC¥ff 
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<t *> Z & *> . fflBOEl.* tcVfrttira* o fc* 
*- F*7r^-41ttW9lBbfflJ'>i'jU*- F3£ 

7 7 a *~<DH4>sftfi«*fl:3 &z <t 5 tc httfgm 

tftSCi i^TS iB 1 IB«l©*Ka^^gg. 
[0104] C 6 ) MnXM'QKM&XK. 

ffi*^wr^*^te^ < jcaxornxm^ we- f 

M^>*0V*- Fj&7r^^-4, 4>£t< 4*>lg¥©:* 
5jH=-4:*>6&9, 36K:. m&fcVJlHWi*. EC»tcT 

^SH©ffiiaB5d*^ t bawttre t > 5® 2 

^f©*!fil!CRD«Krig«3«5t:iKa:-,-C, ItflB 
iKAfflS/>y**- F3fe7r-/^-ii^aKfJtfJL.M^ 
F*7 r ^-©ffl©m£4^fc3tfS J; 
5 tC L 1t%&m-C& 2, C 4: 4: "T 1 IE«E©* 

[0105] [ 7 J mH3KBHilSrig-?{J, Sl^Kiftft 

3. 5X5*Biai5©#KBil»rgg. 
[0106] C 8 J WffiiOSffllSiSSmi. itft^y X 
A-C*SCi!£JftmiTS±fB3, 5X(i6IB4S©*»r 

[0107] C9D mffamSl^-^tt, 3fe?8fi»siffl 
s^>^*- F*7 r ^~&MmGHEMl«UiS/>yX' 
*- F*7 t -'<"«c^Jfe-rSfc«&©*»iBl^3S^-M* 
5feU>Xi, Biffi*»fi»lffl^>^*-F*^T^^ 
-*&©S*^*^frKT.5fc*£>©*SHffl»SR^3 
yy-*V>Xit?#sS3*ir*50. eW33ia8ffllfiffi'> 

a6j«cc««Esnri> s c 4 =£#&4-r s±s eiatg©* 

[0108] C 1 0 ) «ffi©2l»CCJWf «tffl*^T & 

S±IE 1 9 ©i»Jti36» 1 ^B«©3&»f®^»M. 
[0 109] 

[aW©5»S] iy±©^M9K: < t-&*!ISfiwI^I&^% 
•p. x**>$SH#j£<, 3e©^S©^b*^itt< > i& 

[0M©W^&^] 

1 ] *mite*v%ym^3&&^<omm&mi 



(12) 



21 



[04 ] xmxammm i ©^BfJB^K^so^^-c 
m 5 ] i£S0 i ©*w«iwif««©*Bfi TOt^s 
[0 e ] gsa&Fi i ©3KKS©^^t*^-r0-c**. io 
©#;iS0r*a. 

[08]SQB02, 3O^KS©NFia^t4^t-0^* 

a. 

[0 9 1 mmm s ^immnm^mm^^m&t^ 
©lfj!£0-e*£. 

[010] SH6«4©«S#Wi^©fll050-C*S. 

[0ii] ***^4 <omw&mm<&m&ifg&& 

[012] HSfi«4~7<D36!Sfi®^Bg^lt4^-r0t? 20 

[013] mfcm5<&mmmm!m<c>m&»m%.¥ 
[014] m&mvmmmmm&taimm-simt^ 
[015] ^ss^i7 ©^a^^^stwesfssnj^^ 
[016] mfomo>mm®mm<»ft&&si$£m 

3^©^^©«fiS0-C*S. 

[017]Se»«8©5KBrB^»^S©7eKSnI^e^ 30 
JS©««fc0-C*S. * 



4tga2 0 0 0-342 58 9 
22 

: [018] mmm <o%%m<®'mmtit*m-rw-c& 
s. 

[019] mt®fttim®tm&&ft®mtcitmi;itb 
<d<d i M©*j^ ; £* i r^0^* 
[020] ^o^m^smt^o i f)©«jS0t?* 

[021] wmm^§&t^mow>moym&m'c 

1 -{g^t— u^^as 

3 V 3* , 3 2 — — 

2 1. 2 1x . 2 1, 

2 5 -iEb^X 
2 6-¥ffi$^- 

27, 27i ■ 27 2 -:tf^*:/n*# 

2 8-^5 7- 

3 1 »ai36U>X 

3 2* -3 2* -GR I NU>X 

33, 33 x , 33, v 3 3 3 -"jEKflM^VXA 

34, 34, , 34, "•*HHBWrfllS/>^*^F*7 

3 5 % 3 5! . 3 5, ^jHHMMaH?. 



I@1J 



[02] 



H— ^ — H 



L 




[03] 



[02 0] 



CL3) 



^2 00 0-342 5 89 




M 




(14) 



2000-342589 



[07] 



(a) 



(b) 





[011] 



7 *77^C" 



24 



^2000-342 589 




• 09 I IS Z U 



iffgg 2 0 0 0 - 3 4 2 5 8 9 



[012] 




[013] 



(b) 



32i*1 GRMfcVX 



5 »^(*7rtlf- » GRIN IMC 
[02 1] 



X 

I >, 



10 9^fcJfr5* 



^2000-342589 



25 i***i*irt-f 




x 





[SI 6] 



m$t 2000-342589 





